In vitro and in vivo studies support the hypothesis that macrophages are key early mediators of atherogenesis (1-3) and their impaired recruitment and activation protects against lesion development (4-6). A significant amount of research also supports the hypothesis that subendothelial modified LDLs provide the initiating ligands for the macrophage (7, 8) , and these are recognized by scavenger receptors (9-13).
tor is upregulated by IL-4 (25) , macrophage colony stimulating factor (26) , modified LDL (17, 18) , cellular cholesterol content (29) , and peroxisome proliferator-activated receptor-γ (PPAR-γ) ligands (30, 31) . Unlike SRA I/II, CD36 is more broadly expressed (32) (33) (34) (35) and has been shown to play a strategic role in lipoprotein and lipid metabolism (36, 37) . The phenotype of CD36-null mice generated in our laboratory included increased plasma levels of cholesterol, triacylglycerol, and fatty acids and supported a major role for CD36 in fatty acid uptake and lipid metabolism in vivo (36) . In transgenic mice, overexpression of CD36 in muscle enhanced fatty acid oxidation during stimulation/contraction and also had significant influence on plasma lipoprotein and fatty acid levels (37) . Absence of CD36 was implicated recently in insulin resistance in the spontaneous hypertensive rat by using genetic analysis (37, 38) . These studies point to an essential role for CD36 not only in uptake of lipid but in determination of cellular lipid stores.
To determine if CD36 is a major macrophage scavenger receptor responsible for early lipid accumulation and foam cell formation, which can predispose animals to the development of fatty streaks and ultimately more advanced atherosclerotic lesions, we generated CD36-apo E double-null mice and evaluated aortic lesions on normal chow and Western diets.
Macrophage scavenger receptors have been implicated as key players in the pathogenesis of atherosclerosis. To assess the role of the class B scavenger receptor CD36 in atherogenesis, we crossed a CD36-null strain with the atherogenic apo E-null strain and quantified lesion development. There was a 76.5% decrease in aortic tree lesion area (Western diet) and a 45% decrease in aortic sinus lesion area (normal chow) in the CD36-apo E double-null mice when compared with controls, despite alterations in lipoprotein profiles that often correlate with increased atherogenicity. Macrophages derived from CD36-apo E double-null mice bound and internalized more than 60% less copper-oxidized LDL and LDL modified by monocyte-generated reactive nitrogen species. A similar inhibition of in vitro lipid accumulation and foam cell formation after exposure to these ligands was seen. These results support a major role for CD36 in atherosclerotic lesion development in vivo and suggest that blockade of CD36 can be protective even in more extreme proatherogenic circumstances.
Methods
Reagents. Cell culture reagents were from Life Technologies, Inc. (Grand Island, New York, USA) and chemicals were from Sigma Chemical Co. (St. Louis, Missouri, USA).
Animals and diets. Apo E-null mice were obtained from The Jackson Laboratory (Bar Harbor, Maine, USA). Animals were maintained ad libitum on standard rodent chow (Rodent Diet 5001; Lab Diet, PMI Nutrition International, Brentwood, Missouri, USA). For studies using the Western diet, the animals were maintained ad libitum on a diet composed of 21% (wt/wt) adjusted calories from fat and 1.5% (wt/wt) cholesterol (TD 88137; Harlan Teklad Laboratory, Madison, Wisconsin, USA). CD36-apo E double-null mice developed more subcutaneous xanthomas then apo E-null mice, but were otherwise indistinguishable.
Morphometry. Mice were sacrificed by pentobarbital overdose and hearts were perfused with 20 mL saline and 10 mL 10% buffered formalin. For aortic sinus analysis, serial cryosections of 10-µm thickness were taken from the region of the proximal aorta through the aortic sinuses and stained with oil red-O and fast green. Morphometric evaluations of lesion size were made using NIH Image software (National Institutes of Health, Bethesda, Maryland, USA) (39) . For aortic tree analysis, the entire aorta from the heart, extending 5-10 mm after bifurcation of the iliac arteries and including the subclavian right and left common carotid arteries, was removed, dissected, and evaluated for lesion development by en face oil red-O staining and morphometry of scanned images using the software Scion Image (Scion Corp., Fredrick, Maryland, USA).
Plasma lipid and lipoprotein analysis. One week before sacrifice, mice were fasted overnight and blood was collected for lipid analysis. Total serum cholesterol and triacylglycerol were determined by enzymatic kits (Sigma Chemical). Appropriate standards and controls were included in each assay.
For fast protein liquid chromatography (FPLC) analysis, blood was pooled from 2-3 females after an overnight fast. Lipoproteins were separated on 2 serial Superose 6 columns (Amersham Pharmacia Biotech, Piscataway, New Jersey, USA), at the Rogosin Institute Clinical Research Laboratory for Comprehensive Lipid Analysis (New York, New York, USA). Fractions were analyzed for cholesterol and triacylglycerol using an automated Cobas Fara system (Roche Diagnostic, Indianapolis, Indiana, USA) with appropriate standards and controls.
Binding and cell association assays. Human LDL was isolated from pooled plasma by density gradient ultracentrifugation (d = 1.019 to 1.063 g/mL), dialyzed against 0.15 M NaCl containing 0.3 mM Na 2 EDTA and 100 µM diethylenetriamine pentaacetic acid (DPTA), pH 7.4, sterilized by filtration, and stored under nitrogen gas at 4°C. Protein concentration was measured by the Markwellmodified Lowry assay (40) . LDL was labeled as described previously (41, 42) . For oxidation, LDL or 125 I-LDL was dialyzed against PBS, adjusted to a concentration of 500 µg/mL, and incubated with 5 µM CuSO 4 for 24 hours at 37°C. Oxidation was terminated by addition of 40 µM butylated hydroxytoluene (BHT) and dialysis against PBS containing 100 µM DPTA. The purity and charge of the lipoproteins were evaluated by agarose gel electrophoresis. The extent of oxidation was assessed by measuring the thiobarbituric acid reactive substances, by fluorescence analysis (43) , and by HPLC quantification of lipid hydroperoxides (21) . The specific activity of the 125 I-oxidized LDL was 100-250 dpm/ng protein. LDL was acetylated by repeated additions of acetic acid anhydride, and the modification was confirmed by assessing electrophoretic mobility. NO 2 -LDL was prepared by incubating LDL (0.2 mg/mL) at 37°C in 50 mM sodium phosphate (pH 7.0) and 100 µM DPTA in the presence of 30 nM myeloperoxidase, 100 µg/mL glucose, 20 ng/mL glucose oxidase (grade II; Roche Molecular Biochemicals, Indianapolis, Indiana, USA), and 0.5 mM NaNO 2 for 8 or 24 hours, as indicated (44) . Myeloperoxidase was purified from detergent extracts of human leukocytes by sequential lectin affinity and gel filtration chromatography (45) .
Mouse peritoneal macrophages were harvested 3-4 days after intraperitoneal injection of 4% sterile thioglycolate by peritoneal lavage. Similar numbers of cells were obtained from both genotypes. Cells were serum starved for 2 hours, and assays were performed in Macrophage Serum Free Media (Life Technologies, Gaithersburg, Maryland, USA) containing 20 µM BHT, 300 nM catalase, and 100 µM DPTA. Binding was carried out at 4°C for 4 hours at a ligand concentration of 10 µg/mL. Determination of LDL uptake was carried out at 37°C for 5 hours (44) . Nonspecific binding, assessed in the presence of 50-fold unlabeled reagent, was less than 10% of total binding and was subtracted from values in the figures presented here. The mean values of triplicates plus or minus SD from representative experiments are shown, but experiments were repeated at least 3 times and gave similar results.
In vitro foam cell assay. Thioglycolate-elicited macrophages were cultured on sterile coverslips. After 2-hour serum starvation, 25 µg/mL Cu-oxLDL or 75 µg/mL NO 2 -LDL (for 8 hours or 24 hours) was added.
After PBS wash, the cells were fixed in paraformaldehyde and stained with oil red-O.
Results
Absence of CD36 protects against atherosclerotic lesion development in mice. CD36-null mice were mated to apo Enull mice to generate CD36-apo E double-null animals. As a result of this cross, the mice were backcrossed 4 times to a C57Bl/6 background. Genotype was confirmed by Southern blot hybridization and plasma cholesterol levels (data not shown). The parental apo E-null strain was propagated to generate control animals.
At 4 weeks of age, mice were placed on a Western diet for 12 weeks. As shown in Figure 1a , en face analyses of total aorta surfaces in CD36-apo E double-null mice revealed greater than a 76% reduction in lesion area compared with apo E-null mice. Apo E-null male mice had extensive lesion development, covering a mean area of 30.32 ± 3.6% of the total aortic tree, as compared with only 5.42 ± 1.46% for CD36-apo E double-null males. Similar results were seen with female mice, with apo E-null animals having lesions covering a mean area of 32.24 ± 3.38% of the total aortic surface, as compared with 9.88 ± 2.56% in CD36-apo E double-null females.
Cross-sectional analyses of aortic sinuses, shown in Figure 1b , revealed that CD36-apo E double-null male mice developed significantly smaller lesions than apo E-null males (3.65 ± 0.557 × 10 5 µm 2 vs. 6.57 ± 0.308 × 10 5 µm 2 ). This represents a 45% decrease in mean lesion size. CD36-apo E double-null female mice developed larger lesions than male mice, but these were similar in size to those found in apo E-null females (apo E-null females: 7.39 ± 0.211 × 10 5 µm 2 vs. 7.66 ± 0.559 × 10 5 µm 2 for CD36-apo E double-null females).
During evaluation of the aortic tree, it was noted that lesion development by site differed between the 2 genotypes. As shown in Figures 1c and 2a , apo E-null mice developed lesions throughout the aortic tree (although with a predilection for the aortic arch). CD36-apo E double-null animals showed lesions almost exclusively in the aortic arch, with only an occasional lesion in the thoracic-abdominal aorta (Figure 2b) .
In a separate study, to evaluate early lesion development, age-and sex-matched apo E-null and CD36-apo E double-null animals were maintained on normal chow and evaluated for aortic sinus lesions at 16 weeks of age. As shown in Figure 1d , CD36-apo E double-null animals developed smaller lesions than apo E-null controls. The mean lesion size in CD36-apo E double-null males was 6.56 ± 0.537 × 10 4 µm 2 as compared with 9.78 ± 1.12 × 10 4 µm 2 for apo E-null males, representing a 33% decrease.
Female CD36-apo E double-null mice also developed smaller lesions (1.64 ± 0.231 × 10 5 µm 2 for CD36-apo E double-null mice vs. 2.15 ± 0.196 × 10 5 µm 2 for apo E-null mice). The difference did not reach statistical significance. Morphologically, aortic sinus lesions in CD36-apo E double-null animals differed from apo E-null animals. As shown in Figure 2 , c and d, large lesions in the apo E-null animals often contained areas of less intense oil red-O staining, spaces between cells, and cholesterol clefts, even on the chow diet. These were much less frequently observed in lesions from CD36-apo E doublenull animals, which consisted almost exclusively of densely packed lipid-laden foam cells.
Plasma cholesterol, triacylglycerol, and weight gain differed in CD36-apo E double-null mice compared with apo E-null mice. Because CD36 plays an important role in lipid metabolism (36), we measured plasma cholesterol, tri-
Figure 1
Disruption of CD36 decreases atherosclerotic lesion development in apo E-null mice. Circles, apo E-null male (n = 9); squares, CD36-apo E double-null male (n = 5); triangle, apo E-null female (n = 5); reversed triangle, CD36-apo E double-null female (n = 6). (a) Lesion surface area in the aortic tree was assessed by en face oil red-O positive staining. The aortic tree from the heart to below the bifurcation of the iliac arteries was removed and dissected for staining and lesion analysis from mice fed a Western diet for 12 weeks. Each sample was scanned, and total oil red-O positive area was determined using Scion Image software. A P < 0.001, B P < 0.001, Mann-Whitney test. (b) Aortic sinus cross-sectional lesion area was measured in mice fed the atherogenic Western diet for 12 weeks. Atherosclerotic plaque area was determined by oil red-O positivity and morphology and measured using NIH Image software. C P < 0.0005, Mann Whitney test. (c) Prevalence of lesions at different sites in the aortic tree. En face oil red-O positive lesions from a were assessed in 3 regions of the aorta, aortic arch, thoracicabdominal aorta, and at the iliac bifurcation, and lesion area was expressed as percent of total area of that site. (d) Aortic sinus lesion area measured as in b in mice fed a normal chow diet. Mice were 16 weeks old at sacrifice. Apo E-null male (n = 11); CD36-apo E double-null male (n = 9); apo E-null female (n = 9); CD36-apo E double-null female (n = 13). D P < 0.01, Mann Whitney test.
acylglycerol, and body weight. As shown in Table 1 , on the Western diet total cholesterol levels were similar in the 2 genotypes. Triacylglycerol levels were significantly lower in CD36-apo E double-null females. FPLC analysis (Figure 3 ) revealed that CD36-apo E doublenull mice had increased IDL and LDL cholesterol (Figure 3a) , as compared with apo E-null mice. There was no difference in HDL cholesterol. The decrease in triacylglycerol was within the VLDL fraction in CD36-apo E double-null female mice (Figure 3b) .
On normal chow total cholesterol was increased in female CD36-apo E double-null mice (Table 1) . FPLC analysis showed that the increased cholesterol migrated with VLDL, IDL, and LDL in the CD36-apo E double-null mice (Figure 3c ). HDL cholesterol and triacylglycerol ( Figure 3d ) were unchanged.
CD36-apo E double-null mice maintained on the Western diet gained significantly more weight than apo E-null mice (mean weight ± SEM of CD36-apo E double-null males at sacrifice: 37.54 ± 1.8 g vs. 31.33 ± 1.3 g for apo E-null males; CD36-apo E double-null females: 25.14 ± 0.96 g vs. 21.56 ± 0.71 g for apo E-null females; P < 0.02, Student's unpaired t test). On normal chow CD36-apo E double-null male mice were again significantly heavier than apo E-null male mice (30.14 ± 0.74 g vs. 27 .04 ± 0.88 g; P < 0.02).
Female mice in this study were similar (CD36-apo E double-null mice: 21.38 ± 0.41 g vs. 20.7 ± 0.56 g for apo E-null mice).
Binding and uptake of modified LDL are decreased in elicited peritoneal macrophages from CD36-apo E doublenull mice.
Binding and uptake of oxidatively modified LDL by free copper (Cu-oxLDL) or the myeloperoxidase-hydrogen peroxide-nitrite system of monocytes (NO 2 -LDL) (44), were evaluated in vitro using thioglycolate-elicited peritoneal macrophages. As shown in Figure 4a , CD36-apo E double-null macrophages bound significantly less Cu-oxLDL (87%) and NO 2 -LDL (89% decrease for 8-hour NO 2 -LDL and 88% for 24-hour NO 2 -LDL) when compared with apo E-null macrophages. Binding of acetylated LDL, which is a ligand for CD36 as well as SRA-I/II, was reduced by 64%. Binding of native LDL, however, was similar in both cell types.
Cellular uptake of these ligands was also significantly decreased in CD36-apo E double-null macrophages as compared with apo E-null macrophages (Figure 4b ). Specific uptake of CuoxLDL was reduced by 60%; the decrease for 8-and 24-hour myeloperoxidase-modified LDL was 77 and 65%, respectively. Cellular uptake of acetylated LDL was reduced (52%) and that of native LDL was unchanged,
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Table 1
Cholesterol and triacylglycerol analyses of plasma from starved mice maintained on normal chow for 16 weeks or Western diet for 12 weeks
Apo E-null male (n = 9) DKO male (n = 11) Apo E-null female (n = 9) DKO female (n = 13) 
Figure 2
Atherosclerotic lesion distribution and morphology is altered in CD36-deficient mice. The entire aorta from apo E-null (a) and CD36-apo E double-null (b) mice were dissected and opened longitudinally. Oil red-O-stained lesions occur in all regions of the aorta from the apo E-null mouse, whereas in the aorta from the CD36-apo E double-null mouse lesions are seen primarily in the aortic arch. ×20. Hearts were dissected from apo E-null (c) and CD36-apo E double-null (d) mice fed a normal chow diet, cryosectioned at the level of the valve leaflets, and stained with oil red-O and fast green. Lesions in apo E-null mice contained lipid-laden, intensely oil red-O-stained foam cells, cellular areas of less oil red-O positivity, empty spaces, and cholesterol clefts. Those in CD36-apo E double-null mice contained only rare areas lacking cells or containing cholesterol clefts. ×250.
as expected. In controls where a component of the myeloperoxidase system was absent, there was no greater binding or cell association than that seen with unmodified LDL in cells from either genotype.
Development of lipid-laden foam cells is decreased in elicited peritoneal macrophages from CD36-apo E double-null mice.
We next assessed lipid accumulation and foam cell formation in vitro in elicited macrophages incubated for 2.5 and 5 hours with Cu-oxLDL. As shown in Figure 5 , there were 50% fewer oil red-O stained CD36-apo E double-null macrophages as compared with apo E-null macrophages (23.75 ± 2.75% vs. 11.97 ± 2.37%) at 2.5 hours and 61% fewer at 5 hours (11.98 ± 1.56% vs. 4.67 ± 0.92%; P < 0.05 for both groups, Student's t test). Dramatically, as shown in Figure 6 , after 72 hours of incubation with 8-or 24-hour myeloperoxidase-treated LDL, there was a significant decrease in oil red-O stained lipid in CD36-apo E double-null macrophages.
Discussion
These studies address the in vivo role of CD36 in the etiology of atherosclerosis in the apo E-null mouse model and provide compelling data for the importance of this macrophage scavenger receptor in the pathophysiology of the disease. On an atherogenic diet, apo E-null animals had advanced lesion development, whereas CD36-apo E double-null animals had 77% less lesion area as assessed by en face analysis of whole aortas. CD36-apo E double-null male animals also developed significantly smaller aortic sinus lesions on normal chow and Western diets. Morphologically, on both diets, lesions in apo E-null mice had characteristics of more advanced atherosclerosis, but, on normal chow, lesions from CD36-apo E double-null mice had few areas containing cholesterol clefts or lacking cells.
When assessed by site, CD36-apo E double-null animals were markedly resistant to lesion formation in all but the most highly prone sinus and arch, and here lesions were smaller, in general. In apo E-null animals, the aortic sinus and arch are among the most prominent early sites for lesion development, and lesions there are usually the most advanced (46) (47) (48) . It is possible that retention time and accumulation and aggregation of proatherogenic modified LDL in these areas is greater, resulting in the formation of more heavily oxidized LDL that can be recognized by receptors other than CD36, such as SRA-I/II and CD68 (12, 20, 49, 50) . It is also possible that proatherogenic stimuli in these regions may upregulate the expression of these scavenger receptors, and, in fact, this has been demonstrated in murine studies similar to ours (23) . Our data suggest that absence of CD36 diminishes lesion size in these areas enough to slow progression even on a high-fat diet, and in less proatherogenic areas of the aorta, absence of CD36 virtually eliminates lesion formation.
The protective effect seen in our studies is perhaps more compelling because apo E-null animals that lack CD36 had lipoprotein profiles that, if anything, , c) and triacylglycerol (b, d) . Open circles, apo E-null mice; filled circles, CD36-apo E double-null mice.
could be more atherogenic, that is, an increase in IDL and LDL levels. The moderate increase in body weight of CD36-apo E double-null mice could also be proatherogenic. The gender difference in lesion development in animals on normal chow could be related to the significantly elevated levels of total cholesterol in atherogenic lipoproteins seen in the females. Interestingly, whereas apo E-null male lesion development catches up with female lesion development on the Western diet, this was not the case for the CD36-apo E double-null males. Thus, delayed lesion progression in males was apparent on both diets.
The differences observed in weight gain and lipoprotein profiles may reflect other functions of CD36, for example its role in fatty acid transport, or may reflect differences in degree of inbreeding or genetic background between the apo E-null and CD36-apo E double-null mice. We observed previously significant differences in fatty acid and lipoprotein profiles in littermate-matched CD36-null and wildtype mice (36) . The interaction of the 2 null phenotypes and the different diets make it difficult to outline a mechanism for the resulting phenotype without further studies.
Our studies support the prevailing model of fatty streak formation in the vessel wall, emphasizing the importance of macrophage recruitment to the subendothelial space and specific uptake of modified lipoproteins by scavenger receptors. Oxidative modification of LDL is considered to be an essential step in the conversion of LDL into an atherogenic ligand for macrophage scavenger receptors. There have been many reports documenting its potential lesion-promoting effects and properties, and there is evidence that oxidation of LDL occurs in vivo (51) (52) (53) . In previous in vitro work, antibody to CD36 was shown to inhibit up to 60% of binding of Cu-oxLDL by human monocyte-derived macrophages (54) , and monocytes obtained from human subjects with CD36 deficiency were shown to bind and internalize 40% less Cu-ox-LDL (55) . In this report we show an 85% decrease in binding of Cu-oxLDL to peritoneal macrophages derived from CD36-apo E double-null animals compared with those from apo E-null mice. Lipid accumulation and in vitro foam cell formation were also decreased by at least 50%. Thus, our data are consistent with the hypothesis that decreased uptake of oxidized forms of LDL and decreased in vitro foam cell formation correlate with decreased lesion development in vivo.
Recently, LDL modified by myeloperoxidase-generated oxidants has been shown to be present in atherosclerotic lesions (56) . A specific marker of myeloperoxidase catalyzed oxidation, 3-chlorotyrosine, was found to be enriched 6-fold in atherosclerotic tissue obtained during vascular surgery and was present in
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Figure 4
Binding (a) and uptake (b) of native and modified LDLs by elicited peritoneal macrophages from apo E-null and CD36-apo E doublenull mice. Modified LDLs were prepared and assays performed as described in Methods. Nonspecific binding was subtracted, and mean values of triplicates ± SD are shown. -NO 2 -LDL refers to LDL modified by the myeloperoxidase system in the absence of NO 2 -.
Figure 5
Comparison of in vitro foam cell development in elicited peritoneal macrophages from apo E-null and CD36-apo E double-null mice in response to oxidized LDL. Macrophages were incubated with 25 µg/mL Cu-oxLDL, and fixed and stained with oil red-O after 2.5 or 5
hours. The mean number of lipid containing cells ± SE is shown. A P < 0.05, B P < 0.05, Student's t test.
30-fold greater levels in LDL isolated from atherosclerotic intima compared with circulating plasma LDL from healthy donors (56) . Modification of LDL by myeloperoxidase-generated reactive nitrogen species generates a specific ligand for CD36 and promotes macrophage foam cell formation (21, 44) . Data in this report further support these observations: only after extensive exposure (24 hours) to this system, when the modified LDL also becomes a ligand for SRA-I/II (44), was there any significant binding or cell association by peritoneal macrophages from CD36-apo E doublenull mice. CD36-apo E double-null macrophages failed to accumulate any neutral lipid after prolonged exposure to NO 2 -LDL, whereas more than 75% of apo E-null macrophages stained with oil red-O. Thus, this report demonstrates that the in vitro atherogenic potential of 2 model ligands, Cu-ox-LDL and NO 2 -LDL, was substantially reduced in the absence of CD36, and this is the most likely mechanism for the decrease in lesion development observed in vivo. The role of SRA-I/II in atherosclerosis has also been studied in murine models (22) (23) (24) . This receptor recognizes only extensively modified LDL and, in vitro, can account for 30-50% of Cu-oxLDL binding (12, 20, 22, 54) . Results in vivo have ranged from 50% protection to enhancement of advanced lesion development (22) (23) (24) . A possible reason for this result may be increased expression of other scavenger receptors, including CD36 (23) . This may relate to the recent discovery that CD36 gene expression is regulated by PPAR-γ and that oxidized LDL and other modified lipoproteins may deliver PPAR-γ ligands to macrophages (30, 31) . In support of this hypothesis is the recent observation that disruption of 12/15-lipoxygenase in the apo E-null model of atherosclerosis resulted in a profound decrease in aortic tree lesions by en face analysis and decreased sinus lesion size in early stages of lesion development (57) . Whereas these macrophage cytosolic enzymes may be important mediators of LDL modification in vivo, their more important role may be to provide ligands for PPAR-γ, which in turn activates transcription of CD36.
The data in this report suggest that CD36 is a major macrophage receptor for proatherogenic modified LDLs. Although the absence of CD36 resulted in an alteration of lipid profiles in apo E-null mice that may be more atherogenic, there was substantial decrease in lesion size and progression, even in areas of enhanced predisposition. Our data support the hypothesis that macrophages are indeed key early mediators of atherogenesis and that the scavenger receptor CD36 plays an essential role in the atherogenic process. Furthermore, these studies suggest that specific targeting of the type B scavenger receptor CD36 could have a profound impact on lesion development.
Figure 6
Comparison of in vitro foam cell development in elicited peritoneal macrophages from apo E-null (a, c) and CD36-apo E double-null (b, d) mice in response to exposure to LDL modified by the myeloperoxidase-hydrogen peroxide-nitrite system (NO 2 -LDL) for 24 hours (a, b) or 8 hours (c, d). Macrophages were incubated for 72 hours with 75 µg/mL NO 2 -LDL, fixed and stained with oil red-O. Nearly all apo E-null macrophages contained neutral lipid, whereas the number of lipid-containing cells and the degree of accumulation of lipid in CD36-apo E double-null macrophages were dramatically less.
